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In re application of 
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For: PNEUMATIC TIRE 



PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Prior to examination, please amend the above-identified application as follows: 
TN THE CLAIMS: 

Please amend the Article 19 claims as follows: 

1 . (Amended) A pneumatic tire in which a plurality of blocks demarcated by circumferential 
grooves extending in a circumferential direction of the tire and grooves intersecting the 
circumferential grooves, are provided on a tread, 

wherein at least a portion of a block edge is chamfered from the side of a block center to 
a groove wall surface of each of the blocks; 

a heightwise cross sectional form of a chamfer portion perpendicular to the groove wall 
surface is formed by a combination of a plurality of chamfer forms; 

an angle formed by a tangential line of the chamfer portion with respect to a horizontal 
extension line of the surface of the block center in a heightwise cross section perpendicular to the 
groove wall surface increases from the side of the block center to the side of the block end; and 

[a heightwise cross sectional form of the chamfer portion is provided such that the side of 
the central portion of the block thereof is formed as a straight line portion and the side of the 
block end thereof is formed by at least one curved line portion having a fixed curvature] the 



PRELIMINARY AMENDMENT 



NEW PATENT APPLICATION 



heigfatwise cross sectional form of the chamfer portion is provided such that a portion of the 
cross sectional form of the chamfer portion on the block cen tral side is formed as a straight line 
portion and a portion of the cross sectional form of the cham fer portion on the block end side is 
formed bv at least one curved line portion having a fixed curvature . 



Claim 4, 


line 1, 


delete "any one of claims 1 to 4" and insert -claim 1--. 


Claim 5, 


line 1, 


delete "any one of claims 1 to 4" and insert -claim 1~. 


Claim 6, 


line 1, 


delete "any one of claims 1 


to 5" and insert -claim 1-. 


Claim 7, 


line 1, 


delete "any one of claims 1 to 6" and insert -claim 1--. 


Claim 10, 


line 1, 


delete "claim 8 or". 




Claim 11, 


line 1, 


delete "any one of claims £ 


to 10" and insert -claim 9- 


Claim 12, 


line 1, 


delete "any one of claims £ 


to 11" and insert -claim 8- 


Claim 13, 


line 1, 


delete "any one of claims I 


l to 12" and insert -claim 8~ 


Claim 14, 


line 1, 


delete "any one of claims S 


l to 13" and insert -claim 8- 


Claim 15, 


line 1, 


delete "any one of claims f 


l to 14" and insert -claim 8- 


Claim 16, 


line 1, 


delete "any one of claims I 


? to 15" and insert -claim 8~ 


Claim 17, 


line 1, 


delete "any one of claims I 


l to 16" and insert -claim 8- 


Claim 18, 


line 1, 


delete "any one of claims 5 


i to 17" and insert -claim 8- 


Claim 19, 


line 1, 


delete "any one of claims 


3 to 18" and insert -claim 8- 


Claim 20, 


line 1, 


delete "any one of claims 


3 to 19" and insert -claim 8- 
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NEW PATENT APPLICATION 



REMARKS 

Entry and consideration of this Amendment is respectfully requested. 
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Furnio Takahashi -filed February 22, 2000 
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For: PNEUMATIC TIRE 

SUPPLEMENTAL PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C, 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 
IN THE CLAIM S; 

Please amend the Article 19 claims as follows: 

Claim 2 1, line 1 , delete "any one of claims 8 to 20" and insert —claim 8—, 

REMARKS 

Entry and consideration of this Amendment is respectfully requested. 

Respectfully submitted, 



SUGHRUE, MlON> ZINN, Paul F. Neils 

MACPEAK & SEAS, PLLC Registration No. 33, 102 
2 100 Pennsylvania Avenue, N.W. for 

Washington, D.C, 20037-32 1 3 Neil B. Siegel, Reg. No. 25,200 
Telephone: (202) 293-7060 
Facsimile: (202) 293-7860 



Date: November 6, 2000 
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PNEUMATIC TIRE 

FIELD OF THE INVENTION 

The present invention relates to a pneumatic tire improved in 
handling stability. 

BACKGROUND ART 

In conventional pneumatic tires, normally, the height of each 
block is fixed (see Fig. 19). 

The block 100 deforms (at the time of running) as shown in Fig. 
20B, and a ground contact pressure of a tread surface 102 becomes 
ununiform (that is, the ground contact pressure becomes higher at 
ends, of the block; see Fig. 20A). Therefore, it becomes difficult that 
braking force or driving force be transmitted from the entire tread 
surface 100 to a road surface 104. 

A portion of the block 100 is worn down in an early stage due to 
the ununiformity of ground contact pressure, that is, uneven wear is 
apt to occur. Further, when shear stress caused by local concentration 
of ground contact pressure is input, only a region in the vicinity of a 
ground contact end of the block 100 at an input side of shear stress 
contacts the road surface locally in high pressure, and the tread 
surface 102 is turned up (see Fig. 21). As a result, the handling 
stability of tires is adversely affected. 

In order to improve ground contact characteristics of tires, 
improvements of a tread pattern and the like have conventionally been 
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made. However, under the existing circumstances, there is a limit to 
the improvement because the aspect of water drainability or the 
relationship with other various characteristics must be considered 
simultaneously. 

Further, there has also been made an improvement in which a 
region in the vicinity of the ground contact end of the block is 
chamfered for the purpose of making the ground contact pressure 
uniform. For example, it is general that an end 106 in which the 
ground contact pressure concentrates be tapered as shown in Fig. 22 or 
be chamfered substantially in an R-shaped manner as shown in Fig. 23. 

In order that the ground contact pressure be made uniform by 
chamfering the block in an R-shaped manner, it is not necessary that 
the R-shaped curved surface be tangent to a groove surface 108 at the 
ground contact end of the block. 

Accordingly, it is known that chamfering in which an R-shaped 
curved surface only tangent to the ground contact surface is provided 
as shown in Fig. 24, is very effective. 

However, since a single curvature is used in the above- 
described chamfers, the effect of equalizing the ground contact 
pressure is not sufficiently obtained, although the ground contact 
pressure at the end of the block is reduced. 

It is necessary for the purpose of further improvement in 
handling stability that the shape of the chamfer faithfully corresponds 
to the ground contact pressure distribution. 

Further, as disclosed in Japanese Patent Application Laid- 



Open (JP-A) No. 62-279105, a technique has been proposed in which a 
convex (chamfered) shape is formed at an upper portion of a block and 
along a circumferential or transverse direction of a tire. However, it is 
hard to obtain a tread surface of the block in which the above-described 
effect consists with other various characteristics only by using such 
technique. Furthermore, normally, determination of the shape of the 
tread surface is based on trial and error, and is also attended with 
difficulties. 

The reason why is described below. 

First, the distribution of ground contact pressure depends on 
the configuration of a tread pattern and is affected by deformation of 
the block to which input is applied (for example, deformation from the 
state of Fig. 19 to that of Fig. 20B, or deformation from the state of Fig. 
19 to that of Fig. 21). Therefore, it is difficult to predict the 
distribution. 

Further, there are various inputs applied to tires, and it is 
therefore very difficult to uniquely determine an aim for improvement 
suitable for all of the inputs. 

Accordingly, a technique is demanded in which a method for 
changing a distribution of chamfer on the surface of the block is 
uniquely defined. 

It is therefore an object of the present invention to provide a 
pneumatic tire in which ununiformity of ground contact pressure is 
prevented by defining a proper height of each block on the tread 
pattern, and handling stability and uneven wear resistance are 



improved. 



MEANS FOR SOLVING THE PROBLEM 

In order to solve the above-described problems, the invention 
described in claim 1 is a pneumatic tire in which a plurality of blocks 
demarcated by circumferential grooves extending in a circumferential 
direction of the tire and grooves intersecting the circumferential 
grooves, are provided on a tread, wherein at least a portion of a block 
edge is chamfered from the side of a block center to a groove wall 
surface of each of the blocks; a heightwise cross sectional form of a 
chamfer portion perpendicular to the groove wall surface is formed by 
a combination of a plurality of chamfer forms; and an angle formed by 
a tangential line of the chamfer portion with respect to a horizontal 
extension line of the surface of the block center in a heightwise cross 
section perpendicular to the groove wall surface increases from the 
side of the block center to the side of the block end. 

The invention described in claim 2 is characterized in that, in 
the invention described in claim 1, the cross sectional form of the 
chamfer portion is provided such that the block central side thereof (a 
portion of the cross sectional form of the chamfer portion on the block 
central side) is formed as a straight line portion and the block end side 
thereof (a portion of the cross sectional form of the chamfer portion on 
the block end side) is formed by at least one curved line portion having 
a fixed curvature. 

The invention described in claim 3 is characterized in that, in 
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the invention described in claim 1 or claim 2, the cross sectional form 
of the chamfer portion is comprised of two curved line portions having 
different curvatures. 

The invention described in claim 4 is characterized in that, in 
the invention described in any one of claims 1 to 3, when in the 
heightwise cross section perpendicular to the groove wall surface, a 
length of the chamfer portion measured along a horizontal extension 
line of the surface of the block central portion is represented by LI and 
a likewise measured length of the block is represented by LO, the ratio 
LI /LO is in the range from 0.02 to 0.3. 

The invention described in claim 5 is characterized in that, in 
the invention described in any one of claims 1 to 4, a distance, 
measured along a radial direction of the tire, between the horizontal 
extension line of the surface of the block central portion and an 
intersection point of the chamfer portion and the groove wall surface is 
in the range from 0.10 mm to 2.50 mm. 

The invention described in claim 6 is characterized in that, in 
the invention described in any one of claims 1 to 5, when a heightwise 
distance between a groove bottom of the block and the intersection 
point of the chamfer portion and the groove wall surface is represented 
by HI and the maximum height of the block is represented by HO, the 
ratio H1/H0 is greater than or equal to 0.75 and less than 1.0. 

The invention described in claim 7 is characterized in that, in 
the invention described in any one of claims 1 to 6, the cross sectional 
form of the chamfer portion changes at a peripheral edge of the block 
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for each portion of the block. 

The invention described in claim 8 is characterized in that, in 
the invention described in any one of claims 1 to 7, a peripheral 
protuberant portion is formed on a tread surface of the block in the 
vicinity of the end edge thereof in such a manner that the height of the 
block gradually decreases toward the block end edge and also toward 
the central portion of the block. 

The invention described in claim 9 is characterized in that, in 
the invention described in claim 8, the peripheral protuberant portion 
is formed in at least both end edge portions of the block in the cross 
section of the block taken along the heigh twise direction. 

The invention described in claim 10 is characterized in that, in 
the invention described in claim 8 or claim 9, the peripheral 
protuberant portion is disposed in vicinities of the end edges at both 
sides of the block in the circumferential direction of the tire. 

The invention described in claim 1 1 is characterized in that, in 
the invention described in any one of claims 8 to 10, the peripheral 
protuberant portion is disposed in vicinities of the end edges at both 
side of the block in the transverse direction of the tire. 

The invention described in claim 12 is characterized in that, in 
the invention described in any one of claims 8 to 1 1, a dimension HH1 
measured along a radial direction of the tire, between an intersection 
point of a groove wall surface of the block and the peripheral 
protuberant portion, and a height position of a top of the peripheral 
protuberant portion is in the range from 0.1 to 2.5 mm. 
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The invention described in claim 13 is characterized in that, in 
the invention described in any one of claims 8 to 12, a dimension HH2 
measured along the radial direction of the tire, between a maximum 
depth portion in a central region of the block and the height position of 
the top of the peripheral protuberant portion is in the range from 0.1 
to 2.50 mm. 

The invention described in claim 14 is characterized in that, in 
the invention described in any one of claims 8 to 13, the ratio between 
the dimension HH1 measured along a radial direction of the tire, 
between an intersection point of a groove wall surface of the block and 
the peripheral protuberant portion, and a height position of a top of 
the peripheral protuberant portion, and the dimension HH2 measured 
along the radial direction of the tire, between a maximum depth 
portion in a central region of the block and the height position of the 
top of the peripheral protuberant portion, that is, HH2/HH1, is 1.5 or 
less. 

The invention described in claim 15 is characterized in that, in 
the invention described in any one of claims 8 to 14, a dimension LL1 
measured in a direction of the tread surface, between the intersection 
point of the groove wall surface of the block and the peripheral 
protuberant portion, and the top of the peripheral protuberant portion 
is 10.0 mm or less. 

The invention described in claim 16 is characterized in that, in 
the invention described in any one of claims 8 to 15, with respect to the 
dimension LL1 measured in a direction along the tread surface 
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between the intersection point of the groove wall surface of the block 
and the peripheral protuberant portion and the top of the peripheral 
protuberant portion, and a dimension LL2 measured in the direction 
along the tread from the top of the peripheral protuberant portion to 
the maximum depth portion in the central region of the block, 
LL1/LL2 is 2.0 or less. 

The invention described in claim 17 is characterized in that, in 
the invention described in any one of claims 8 to 16, with resect to the 
dimension HH1 measured along a radial direction of the tire, between 
an intersection point of a groove wall surface of the block and the 
peripheral protuberant portion, and a height position of a top of the 
peripheral protuberant portion, and the dimension LL1 measured in a 
direction along the tread surface, between the intersection point of the 
groove wall surface of the block and the peripheral protuberant 
portion, and the top of the peripheral protuberant portion, HH1/LL1 is 
1.0 or less. 

The invention described in claim 18 is characterized in that, in 
the invention described in any one of claims 8 to 17, with respect to the 
dimension HH2 measured along the radial direction of the tire between 
a maximum depth portion in a central region of the block and the 
height position of the top of the peripheral protuberant portion, and 
the dimension LL2 measured in the direction along the tread from the 
top of the peripheral protuberant portion to the maximum depth 
portion in the central region of the block, HH2/LL2 is 1.0 or less. 

The invention described in claim 19 is characterized in that, in 
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the invention described in any one of claims 8 to 18, the ratio between 
the maximum height HO and the minimum height Tl of the block, that 
is, T1/H0 is set in the range of 0.75 < T1/H0 < 1.0. 

The invention described in claim 20 is characterized in that, in 
the invention described in any one of claims 8 to 19, the peripheral 
protuberant portion is formed along an entire periphery of the end 
edge portion of the block. 

EFFECTS OF THE INVENTION 

Next, an effect of the pneumatic tire described in claim 1 will be 
described. 

As illustrated in Fig. 20A, the ground contact pressure 
distribution of each of blocks formed on a tread gradually increases 
from a central portion C to ends of the block and becomes high locally 
at the ends. 

It was considered from the above-described fact that an angle of 
inclination (including a curvature) of the chamfer portion be preferably 
made larger toward the end of the block as shown in Fig. 1. 

The "angle of inclination" mentioned herein is an angle formed 
by an extension line of the surface at the central portion of the block 
tread surface in a cross sectional form of the block with respect to a 
tangential line of the chamfer portion. 

Due to the above-described structure or due to a combination 
of a plurality of chamfer forms, correction of the ground contact 
pressure corresponding to ununiformity of the ground contact 



pressure, which conventionally could not be corrected, becomes 
possible, and the ground contact pressure on the block tread surface 
can be equalized further. 

As a result, handling stability of the tire improves. 

Next, an effect of the invention described in claim 2 will be 
described. 

In the above-described structure, a portion of the block in 
which the ground contact pressure does not change so much (that is, 
the side of the center of the block) is formed as a straight line (a fixed 
angle of inclination) portion and a portion of the block in which the 
ground contact pressure changes greatly (that is, the side of the block 
end) is formed by at least one curved line portion having a fixed 
curvature. Therefore, although it is a simple structure, the ground 
contact pressure can be equalized. 

An effect of the invention described in claim 3 will be described. 

Due to the above-described structure, the side of the center of 
the block in which the ground contact pressure does not change so 
much, and the side of the block end in which the ground contact 
pressure changes greatly, are formed by two curved line portions 
having different curvatures. Therefore, in spite of a simple structure, 
equalization of the ground contact pressure can be accomplished. 

Further, when the side of the center of the block is formed as a 
straight line portion, only the side of the block end can be formed by two 
curved line portions having different curvatures. As a result, the 
ground contact pressure can be equalized still more. 

10 



An effect of the invention described in claim 4 will be described. 

When L1/L0 is less than 0.02, an effect of equalizing the 
ground contact pressure of the block tread surface by the chamfer 
portion is small. 

On the other hand, when L1/L0 is more than 0.3, the area of 
the central portion of the block decreases and there is a possibility that 
the handling stability may be deteriorated. 

Accordingly, it is preferable that LI /L0 is in the range from 
0.02 to 0.3. 

An effect of the invention described in claim 5 will be described. 

When the distance measured, along a radial direction of the 
tire, between an extension line of the surface of the block central 
portion and an intersection point of the chamfer portion and the 
groove wall surface is less than 0.10 mm, an effect of equalizing the 
ground contact pressure by the chamfer portion is small. On the other 
hand, when the distance is greater than 2.50 mm, the ground 
contacting area decreases and the handling stability of the tire is 
deteriorated. 

An effect of the invention described in claim 6 will be 
described. 

When HI /HO is less than 0.75, the ground contacting area 
decreases and the handling stability of the tire is deteriorated. On the 
other hand, when the HI /HO is 1.0 or more, an effect of equalizing the 
ground contact pressure by the chamfer portion is small. 

An effect of the invention described in claim 7 will be 
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described. 

The distribution of ground contact pressure between ends of 
the block varies depending on the measured direction (i.e., in the 
circumferential direction of the tire or in the transverse direction of 
the tire) or depending on the distance from a corner of the block. 

Accordingly, due to the shape of the chamfer portion provided 
to correspond to the distribution of ground contact pressure being 
changed at a peripheral edge of the block, the ground contact pressure 
on the tread surface is equalized further. 

An effect of the invention described in claim 8 will be 
described. 

When the conventional block whose height is fixed contacts 
the road surface, the ground contact pressure particularly becomes 
especially large at a ground contacting end of the block and becomes 
large at the central portion of the block, and relatively becomes small 
in a region of the block between the ground contacting end and the 
central portion (see Fig. 20A). As illustrated in Fig. 16, when the 
peripheral protuberant portion 20 is formed on the tread surface of the 
block 18 in the vicinity of the end edge of the block in such a manner 
that the height thereof gradually decreases toward the end edge of the 
block and toward the central portion of the block, the height of each of 
regions of the block at both sides of the peripheral protuberant portion 
20, that is, the height of the block at the sides of the end edge and the 
central portion is lower than the peripheral protuberant portion 20. 
Accordingly, the ground contact pressure at the sides of the end edge 
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and at the central portion of the block can be reduced and 
ununiformity of the ground contact pressure can be prevented. 

The circumferential grooves may be disposed parallel to the 
circumferential direction of the tire or may be inclined to the 
circumferential direction of the tire to a certain extent. 

The lateral (direction) grooves may merely intersect the 
circumferential (direction) grooves at the least. The lateral grooves 
may be disposed parallel to the transverse direction of the tire or may 
be inclined with respect to the transverse direction of the tire to a 
certain extent. 

Further, in order to prevent uneven wear which is locally 
caused by an ununiform distribution of the ground contact pressure, 
the peripheral protuberant portion is preferably raised by a gradual 
slope, that is, a contour line of the tread surface of the block in the 
cross section along the heightwise direction is preferably formed by a 
smooth curved line. 

An effect of the invention described in claim 9 will be 
described. 

In the pneumatic tire described in claim 9, the peripheral 
protuberant portion is formed in at least both end edge portions of the 
block in the cross section along the heightwise direction of the block. 
Therefore, ununiformity of the ground contact pressure in at least the 
vicinities of both end edges of the block can be suppressed and the 
ground contact pressure can be made uniform along the cross 
sectional direction of the block. 
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An effect of the invention described in claim 10 will be 
described. 

In the pneumatic tire described in claim 10, the peripheral 
protuberant portion is disposed at both sides of the block in the 
circumferential direction of the tire, and therefore, ununiformity of the 
ground contact pressure of the block in the circumferential direction 
of the tire can be suppressed. As a result, an extremely local 
deformation of the block caused by braking/ driving force is prevented 
and the handling stability improves. Further, uneven wear in the 
vicinity of the block end in the circumferential direction of the tire, 
which is caused by ununiformity of the ground contact pressure of the 
block in the circumferential direction of the tire, can be prevented. 

Furthermore, since the peripheral protuberant portion is 
formed at both sides of the block in the circumferential direction of the 
tire, directionality of the tire is not caused. 

An effect of the invention described in claim 1 1 will be 
described. 

When the peripheral protuberant portion is formed on the 
tread surface of the block in the vicinities of the end edges of the block 
in the transverse direction of the tire in such a manner that the height 
thereof gradually decreases from the top of the peripheral protuberant 
portion, which is disposed toward the center of the block from the end 
edge of the block in the transverse direction of the tire, to the central 
portion of the block in the transverse direction of the tire and to the 
end edges of the block in the transverse direction of the tire, the 
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ground contact pressure at ground contacting ends of the block in the 
transverse direction of the tire can be reduced and ununiformity of the 
ground contact pressure of the block in the transverse direction of the 
tire can be suppressed. 

Accordingly, occurrence of uneven wear in the vicinities of the 
block ends in the transverse direction of the tire, which is caused by 
ununiformity of the ground contact pressure of the block in the 
transverse direction of the tire can be prevented. 

An effect of the invention described in claim 12 will be 
described. 

So long as the dimension HH1 is a positive value, an aim to 
alleviate concentration of the ground contact pressure is achieved. 
Therefore, the range of the dimension in which a desired effect is 
produced is wide. 

However, a deformation of the block is limited under 
application of input to the tire. For this reason, when the dimension 
HH1 is too large, (one or) some part of the tread surface of the block 
does not contact the road surface. That is, the ground contacting area 
of the block decreases. 

Accordingly, the upper limit of the dimension HH1 is set to be 
2.5 mm so as to prevent an extreme decreasing the ground contacting 
area. 

On the other hand, when the dimension HH1 is less than 0.1 
mm, an effect of reducing the ground contact pressure of the end edge 
of the block is small and an effect of preventing ununiformity of the 
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ground contact pressure may not be sufficiently obtained. 

Accordingly, the dimension HH1 is in the range from 0.1 to 2.5 

mm. 

The dimension HH1 is more preferably in the range from 0.3 to 
1.0 mm. 

An effect of the invention described in claim 13 will be 
described. 

When the dimension HH2 measured, along the radial direction 
of the tire, between a maximum depth portion at the central region of 
the block (that is, the lower end of the bottom of the peripheral 
protuberant portion) and the height position of the top of the 
peripheral protuberant portion is 0. 1 mm or more, the ground contact 
pressure at the central portion of the block can reliably be reduced. 

An optimum value of the dimension HH2 is determined for 
each portion of the block depending on the compressive rigidity and 
shape of the block. The effect of the invention is produced when the 
dimension HH2 is greater than 0. That is, so long as the dimension 
HH2 is a positive value, an aim at improvement is achieved. 

However, if this value is too large, the ground contacting area 
decreases (the central portion of the block does not contact the road 
surface), and deterioration in tire performances is caused. Therefore, 
the range of the dimension in which an excellent effect is produced and 
the performances are maintained is 0.1 to 2.5 mm. 

An effect of the invention described in claim 14 will be 
described. 
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When HH2/HH1 is 1.5 or less, in the ground contact pressure 
distribution at the time of the block contacting the road surface, the 
ground contact pressure of the maximum depth portion (in the vicinity 
of the central portion of the block) and the ground contact pressure of 
the top of the peripheral protuberant portion approximate to each 
other. Further, when HH2/HH1 is 1.0 or less, the ground contact 
pressure in the vicinity of the maximum depth portion and the ground 
contact pressure of the top of the peripheral protuberant portion 
further approximate to each other. Therefore, this range is preferable. 

On the other hand, when HH2/HH1 is more than 1.5, the 
ground contact pressure in the vicinity of the maximum depth portion 
and the ground contact pressure of the top of the peripheral 
protuberant portion are different from each other, and equalization of 
the ground contact pressure cannot be achieved. 

An effect of the invention described in claim 15 will be 
described. 

When the dimension LL1 is 10.0 mm or less, the ground 
contact pressure can be equalized still more. When the dimension LL1 
is set outside the above-described range, there is a possibility that the 
ground contact pressure may be made ununiform. 

The dimension LL1 is preferably in the range from 1.5 to 6.0 
mm, more preferably in the range from 1.5 to 4.0 mm. 

When the dimension HH1 is fixed and the dimension LL1 is 
variable, the shorter the dimension LL1 becomes, the steeper the slope 
in the region is. The longer the dimension LL1 becomes, the shallower 
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the slope in the region is. 

An effect of the invention described in claim 16 will be 
described. 

When it is considered that the block size is fixed, the 
dimension LL2 is determined depending on the dimension LL1. In the 
general rectangular block, it is ideal in terms of a compressive rigidity 
distribution that the central portion of the block in section is smoothly 
recessed. In order to equalize the distribution of ground contact 
pressure, desirably, the dimension LL2 is made larger than the 
dimension LL1. 

In a block pattern having a special configuration, partial 
inversion of ground contact pressure may be caused depending on the 
cross sectional form. In this case as well, in most of arbitrary cross 
sectional forms, LL1/LL2 is 2.0 or less. Therefore, an excellent effect 
can be expected. 

An effect of the invention described in claim 17 will be 
described. 

When the dimension HH1 is less than or equal to the 
dimension LL1 in the cross sectional form of the block, an effect of 
equalizing the ground contact pressure distribution is enhanced. 

The reason therefor is given by deformation of the block. It is 
necessary that the curved line of the tread surface in the cross section 
of the block is smooth to a certain extent. 

The reason is that the block end is lifted up from the road 
surface in an excessively sharply curved line, so that the ground 
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contacting area of the block decreases and ununiformity of the ground 
contact pressure is caused at the block end. 

Accordingly, when HH1/LL1 is 1.0 or less, a uniform state of 
the ground contact pressure is obtained. 

An effect of the invention described in claim 18 will be 
described. 

When the dimension HH2 is less than or equal to the 
dimension LL2 in the cross section of the block, an effect of equalizing 
the ground contact pressure distribution is enhanced. 

The reason therefor is given by deformation of the block. It is 
necessary that the curved line of the tread surface in the cross section 
of the block is smooth to a certain extent. 

The reason is that the block end is lifted up from the road 
surface in an excessively sharply curved line, so that the ground 
contacting area decreases and ununiformity of the ground contact 
pressure is caused at the block end. 

Accordingly, when HH2/LL2 is 1.0 or less, a uniform state of 
the ground contact pressure is obtained. 

An effect of the invention described in claim 19 will be 
described. 

When T1/H0 is less than 0.75, a region of the block having the 
minimum height Tl, that is, a low region of the block does not contact 
the road surface and there is a possibility that the ground contacting 
area of the block may decrease. On the other hand, when Tl /HO is 1, 
an effect of reducing the ground contact pressure is not obtained. 
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Accordingly, in order to maintain the ground contacting area of the 
block and to reliably obtain the effect of reducing the ground contact 
pressure, T1/H0 is preferably set such that 0.75 < T1/H0 < 1.0. 

An effect of the invention described in claim 20 will be 
described. 

The peripheral protuberant portion is formed along the entire 
periphery of the end edge of the block, and therefore, ununiformity of 
the ground contact pressure can be suppressed over the entire 
periphery of the end edge of the block and the vicinity thereof 
irrespective of the shape of the block. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view showing an end of a block and 
the vicinity thereof according to a first embodiment of the present 
invention. 

Fig. 2 is a plan view of a tread according to the first 
embodiment of the present invention. 

Fig. 3 is a cross sectional view showing an end of a block and 
the vicinity thereof according to another example of the present 
invention. 

Fig. 4 is a cross sectional view showing an end of a block and 
the vicinity thereof according to still another example of the present 
invention. 

Fig. 5 is a cross sectional view showing an end of a block and 
the vicinity thereof according to still yet another example of the 
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present invention. 

Fig. 6 is a cross sectional view of a block taken along a 
circumferential direction of a tire and a graph showing ground contact 
pressure at various positions on a tread surface of the block. 

Fig. 7 is a cross sectional view of a block taken along a 
transverse direction of the tire and a graph showing ground contact 
pressure at various positions on the tread surface of the block. 

Fig. 8 is a cross sectional view showing a dimensional 
relationship of a peripheral protuberant portion. 

Fig. 9 is a diagram for illustrating directions in which input 
acts at the time of a test. 

Fig. 10 is a cross sectional view of a conventional block, which 
shows a worn state of the block. 

Fig. 1 1 is a cross sectional view of a block of a fourth 
embodiment of the present invention, which shows a worn state of the 
block. 

Fig. 12 is a table showing evaluation results obtained from an 
actual vehicle when the value of HH1 is changed. 

Fig. 13 is a table showing evaluation results obtained from an 
actual vehicle when the value of HH2 is changed. 

Fig. 14 is a table showing evaluation results obtained from an 
actual vehicle when the ratio HH2/HH1 is changed. 

Fig. 15 is a table showing evaluation results obtained from an 
actual vehicle when the ratio LL1/LL2 is changed. 

Fig. 16 is a table showing evaluation results obtained from an 
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actual vehicle when the ratio HH1/LL1 is changed. 

Fig. 17 is a table showing evaluation results obtained from an 
actual vehicle when the ratio HH2/LL2 is changed. 

Fig. 18A is a plan view of a block of a pneumatic tire according 
to another embodiment of the present invention. 

Fig. 18B is a cross sectional view taken along the line 18(B)- 
18(B) in Fig. 18A. 

Fig. 19 is a cross sectional view of a block in a conventional 

tire. 

Fig. 20A is a diagram showing ground contact pressure 
distribution in a conventional pneumatic tire. 

Fig. 20B is a diagram showing a deformed block in the 
conventional pneumatic tire. 

Fig. 2 1 is a diagram showing a deformation state of a block in 
the conventional pneumatic tire. 

Fig. 22 is a cross sectional view showing an end of a block and 
the vicinity thereof in a conventional example. 

Fig. 23 is a cross sectional view showing an end of a block and 
the vicinity thereof in another conventional example. 

Fig. 24 is a cross sectional view showing an end of a block and 
the vicinity thereof in still another conventional example. 

Fig. 25 is a plan view of a tread in a test example. 

BEST MODES FOR CARRYING OUT THE INVENTION 
[First Embodiment] 
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A description will be given in detail of a pneumatic tire 
according to a first embodiment of the present invention. Referring 
now to Figs. 1 to 4, the present embodiment will be described. 

As illustrated in Fig. 2, a pneumatic tire 10 includes a 
cylinder-shaped tread 12 extending between a pair of side walls (not 
shown) disposed parallel to each other. 

The tread 12 comprises a plurality of main grooves 14 formed 
along a circumferential direction of the tire (that is, the direction 
indicated by arrow P), and a plurality of lug grooves 16 formed along a 
transverse direction of the tire (that is, the direction indicated by 
arrow W). A plurality of blocks 18 are demarcated by the main grooves 
14 and the lug grooves 16. 

These blocks 18 are each formed substantially into a 
rectangular parallelepiped in which a tread surface 20 is a square 
whose lengths in transverse and circumferential directions of the tire 
are equal to each other. 

An end on the tread surface 20 of the block 18 is chamfered (a 
portion subjected to chamfering is hereinafter referred to as a chamfer 
portion 24). 

A cross sectional form (of only the end of the block 18 and the 
vicinity thereof) of the block 18 in a direction oriented from a groove 
wall surface 22 tangent to the chamfer portion 24 of the block 18 
toward a side wall opposite to the groove wall surface 22 so as to be 
substantially perpendicular to the groove wall surface 22, is shown in 
Fig. 1. 
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As described above, the cross sectional form of the chamfer 
portion 24 is formed in such a manner that a curvature of the chamfer 
portion 24 gradually increases from a central side of the block 18 to 
the groove wall surface 22 in the vicinity of the end of the block 18 
(that is, an angle of inclination 6 is made larger). Particularly, the 
curvature of the chamfer portion 24 is remarkably increased in the 
vicinity of the groove wall surface 22. 

A portion at the center of the tread surface 20 in the block 18, 
which is not chamfered, is hereinafter referred to as a central portion 
21. 

Operations of the pneumatic tire 10 having the above- 
described structure will be described hereinafter. 

That is, the chamfer portion 24 is formed such that the 
curvature thereof gradually increases toward the vicinity of the groove 
wall surface (see Fig. 20A) in which the ground contact pressure 
remarkably increases. Therefore, an amount by which the ground 
contact pressure is suppressed increases toward the vicinity of the 
groove wall surface 22 at which the ground contact pressure becomes 
maximum, and the ground contact pressure on the tread surface 20 is 
equalized. 

It is, however, ideal but complicated that a subtle change of 
the curvature as represented by various functions be realized by a 
finished product. 

Accordingly, there is considered a simplified structure in 
which a block-center side 24A and a block-end side 24B (near the 
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groove wall surface 22) in the chamfer portion 24 are chamfered in 
different ways. 

There can be provided the following methods in this case: 

(1) the chamfer (contour) form (cross sectional form) of the block is 
provided by continuously forming two types of tapers in which an 
angle of inclination G of the block-end side 24B is larger than that of 
the block-center side 24A (see Fig. 3); 

(2) the chamfer form of the block is provided by continuously forming 
the block-center side 24A formed as a taper, and the block-end side 
24B formed as an R-shaped curved line, that is, a curved line having a 
fixed curvature (see Fig. 4); and 

(3) the chamfer form of the block is provided by continuously forming 
the block-center side 24A formed as a curved line having a radius of 
curvature Rl, and the block-end side 24B formed as a curved line 
having a radius of curvature R2 (R1>R2) (see Fig. 5). 

Among the above-described methods, it is desired that the 
methods (2) and (3) be used from the standpoint of equalization of 
ground contact pressure in the end of the block and the vicinity 
thereof. 

In order to ascertain the above-described operational effects, a 
handling stability test was conducted. 

Tires used for the test were radial tires whose size was 
205/55R16. As illustrated in Fig. 2, a tread pattern of each tire is a 
combination of squares. The block size was 30 mmX30 mm and the 
height of the block was 10 mm. 
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First, in order to ascertain effects of the chamfer form, 
pneumatic tires of the following examples were used: 
Example 1: a chamfer form formed by a taper portion and an R-shaped 
curve (see Fig. 4) 

Example 2: a chamfer form formed by curved lines having radii of 

curvature Rl and R2 (R1>R2) (see Fig. 5) 

Conventional example 1 : no chamfer formed 

Conventional example 2: a taper portion formed (see Fig. 22) 

Conventional example 3: a chamfer form formed by an R-shaped curve 

only tangent to a ground contact surface of the block (see Fig. 24) 

It is desirable that in Examples 1 and 2, the two curved lines 
be continuously connected to each other with a common tangent line 
at an intersection point. However, for the purpose of equalizing overall 
dimensions of the chamfer as far as possible, an approximate value 
which is close to a tangent continuous state is selected in this case. 

Detailed dimensions are shown in Table 1. 

A feeling evaluation was conducted with a vehicle to which the 
above-described tires were mounted and which was run by an 
experienced driver on a test course road. The evaluation was made as 
an index with the result of the tire of the conventional example 1 being 
100. The higher the index, the better the feeling evaluation. 

L0 indicates a transverse dimension of the block along the 
cross sectional direction, LI indicates a transverse dimension of the 
block along the cross sectional direction from the groove wall surface 
22 to a boundary between the chamfer portion 24 and the central 
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portion 21. 

HO indicates the maximum height of the block and HI 
indicates a height at an intersection point of the chamfer portion 24 
and the groove wall surface 22. 

The "height" mentioned herein means a dimension measured 
from the bottom of the main groove 14. 



TABLE 1 





Chamfer form 

Block-center 

side 


Chamfer form 
in a peripheral 
portion of 
block 


L1/L0 


H1/H0 


HI 


Score 
Of 

Evalu- 
ation 


Example 1 


Straight line 
(0.5 mm 
chamfered in 
4mm) 


R4.0 


0.2 


0.85 


1.5 


115 


Example 2 


R16.25 


R4.0 


0.2 


0.85 


1.5 


122 


Conventional 
Example 1 












100 


Conventional 
Example 2 


Straight line 
(1.5mm 
chamfered in 
6mm) 




0.2 


0.85 


1.5 


108 


Conventional 
Example 3 


R12.75 




0.2 


0.85 


1.5 


109 



Next, in order to ascertain the difference in the effect based on 
the length LI in the cross sectional direction to be chamfered in the 
case of "R1+R2" in which the most excellent effect was obtained 
(Example 2), Examples 1-1 to 1-5 and Conventional example 1-1 (no 
chamfer formed) were compared. The same testing method and 
evaluation method are used. The test results are shown in Table 2. 
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TABLE 2 





L1/L0 


Score of evaluation 


Example 1-1 


0.01 


106 


Example 1-2 


0.02 


112 


Example 1-3 


0.15 


122 


Example 1-4 


0.29 


114 


Example 1-5 


0.31 


107 


Conventional 
Example 1-1 




100 



Fixed condition: 



H1/H0 


HI 


0.85 


1.5 



Further, in order to ascertain a desired height of chamfer in 
the case of "R1+R2", Examples 2-1 to 2-5 and Conventional Example 
2-1 (no chamfer formed) were compared. The same testing method and 
evaluation method are used. The test results are shown in Table 3. 
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TABLE 3 





H0-H1 


HI/HO 


Score of 
evaluation 


— : — t—. : 

Example 1-1 


0.05 


0.995 


102 


Example 1-2 


0.10 


0.990 


112 


Example 1-3 


1.25 


0.875 


122 


Example 1-4 


2.5 


0.750 


112 


Example 1-5 


2.6 


0.740 


109 


Example 1-6 


3.0 


0.700 


103 


Example 1-7 


3.2 


0.680 


97 


Conventional 
Example 1 






100 



Fixed conditions: 

L1/L0: 0.2 (two types of R: radius of curvature) 

It can be seen from Table 1 that the chamfer form proposed by 
the present invention, which approximates to an actual ground 
contact pressure distribution, be effective. Although the conventional 
chamfered structure improves the performance as compared with no 
chamfer structure, the above-described evaluation was conducted 
assuming the desired standard in this case being 110 or greater, 
which greatly differs from the conventional examples. 

A preferred chamfer dimension is determined based on the 
above-described standard. The block size varies for each block 
pattern. It is preferable from Table 2 that a chamfer length LI be 0.02 
to 0.3 with the cross sectional length L0 of the block (along the 
transverse direction of the tire) being 1. 

Further, it is desired from Table 3 that the height of chamfer 
(H0-H1) be 0.1 to 2.5 mm. Furthermore, a desired effect can be 
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recognized when the height position of the intersection point of the 
chamfer portion 24 and the groove wall surface 22 is approximately 
0.7 or greater with respect to the height of the block being 1. 

Moreover, even if an amount of chamfer is small (even if the 
height position of the intersection point is 0.995), the effect of an 
improvement in the handling stability is obtained. 

The height position of the intersection point is more preferably 
0.750 to 0.990. 
[Second Embodiment] 

Next, a second embodiment of pneumatic tire according to the 
present invention will be described. It should be noted that the same 
members as those of the first embodiment will be denoted by the same 
reference numerals, and a description thereof will be omitted. 

Fig. 6 shows a cross section of the block 18 taken along the 
circumferential direction of a tire and Fig. 7 shows a cross section of 
the block 18 taken along the transverse direction of the tire. 

As illustrated in Figs. 6 and 7, a peripheral protuberant 
portion 26 is formed on a tread surface of the block 18 in the vicinities 
of end edges of the block 18 both in circumferential and transverse 
directions of the tire. In the present embodiment, the peripheral 
protuberant portion 26 is continuously formed along the outer 
periphery of the block 18. 

A contour line of the peripheral protuberant portion 26 is 
preferably formed by a smooth curved line as shown in the above- 
described cross sectional views. 
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In the peripheral protuberant portion 26, a top 26A is 
positioned further at the inner side of the block than an extension line 
of a side surface (groove wall) 18A of the block 18 and the height of the 
block 18 gradually decreases from the top 26 A toward the end edge of 
the block 18 and also toward the central portion of the block 18. 

Next, a description will be given of preferable ranges of the 
dimensions of the peripheral protuberant portion of the block 18, and 
the like. 

(1) As shown in Fig. 8, when a distance measured from an intersection 
point C of the side surface 18A of the block 18 and the peripheral 
protuberant portion 26 to a height position of the top 26A of the 
peripheral protuberant portion 26 along the radial direction of a tire 
(that is, the direction indicated by arrow D) is indicated by HH1, the 
dimension HH1 is preferably in the range from 0.1 to 2.5 mm. 

(2) When a distance measured from a maximum depth portion 18B at 
the central region of the block 18 to the height position of the top 26A 
of the peripheral protuberant portion 26 along the radial direction of 
the tire is indicated by HH2, the dimension HH2 is preferably in the 
range from 0.1 to 2.5 mm. 

(3) It is preferable that HH2/HH1 is 1.5 or less. 

(4) When a distance measured from the intersection point C to the top 
26A in the direction along the tread surface of the block 18 is indicated 
by LL1, the dimension LL1 is preferably 10.0 mm or less. 

(5) When a distance measured from the top 26A to the maximum 
depth portion 18B in the direction along the tread surface of the block 
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18 is indicated by LL2, LL1/LL2 is preferably 2.0 or less. 

(6) It is preferable that HH1/LL1 is 1.0 or less. 

(7) It is preferable that HH2/LL2 is 1.0 or less. 

(8) The ratio between the maximum height HO of the block 18 and the 
minimum height Tl of the block 18, that is, T1/H0 is preferably in the 
range of 0.75 < T1/H0 < 1.0 (see Fig. 8; the position of the minimum 
height Tl may be provided at the end edge of the block or at the central 
portion of the block). 

Operation: 

Next, operation of the pneumatic tire 10 according to the 
second embodiment will be described. 

When a block having a fixed height contacts the road surface, 
the ground contact pressure becomes especially large at a ground- 
contact end of the block and also becomes large at the central portion 
of the block, and becomes relatively small in a region between the 
ground-contact end and the central portion of the block. However, in 
a case in which as illustrated in Figs. 6 and 7, as the peripheral 
protuberant portion 26 is formed on the tread surface of the block 18 
in the vicinity of the end edge of the block in such a manner that the 
height of the block gradually decreases toward the end edge of the 
block and also toward the central portion of the block, the ground 
contact pressure at the end edge of the block and at the central portion 
of the block can be reduced when the block contacts the road surface 
(the states indicated by the phantom lines in Figs. 6 and 7). As can be 
seen from the graphs of ground contact pressure in Figs. 6 and 7, the 
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ground contact pressure can be equalized both in the circumferential 
and axial directions of the tire. 

In the present embodiment, ununiformity of the ground 
contact pressure in the circumferential direction of the tire can be 
prevented due to the peripheral protuberant portion 26 being formed 
at both sides of the block 18 in the circumferential direction of the tire. 
Therefore, occurrence of a buckling phenomenon caused by 
braking/ driving force can be prevented and handling stability can be 
improved. Further, uneven wear in the vicinities of circumferential 
direction ends of the tire, caused by uniformity of the ground contact 
pressure in the circumferential direction of the tire, can be 
suppressed. 

Moreover, since the peripheral protuberant portion 26 is also 
provided at both lateral ends of the tire, generation of uneven wear in 
the vicinities of lateral ends of the tire, caused by ununiformity of the 
ground contact pressure in the transverse direction of the tire, can be 
suppressed. 

When the dimension HH1 is set in the range from 0.1 to 2.5 
mm, ununiformity of the ground contact pressure can be prevented 
without reducing a ground-contacting area at the end edge of the 
block. 

When the dimension HH2 is set in the range from 0.1 to 2.5 
mm, the ground contact pressure at the central portion of the block 
can reliably be reduced without reducing a ground-contacting area at 
the central portion of the block. 
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When the ratio HH2/HH1 is set to be 1.5 or less, the ground 
contact pressure in the vicinity of the maximum depth portion of the 
block (at the central portion of the block) and the ground contact 
pressure of the top 26A of the peripheral protuberant portion 26 
approximate to each other when the block 18 contacts the road 
surface. Therefore, the above-described numerical range is 
preferable. 

It is preferable that the dimension LL1 is 10.0 mm or less so as 
to allow further equalization of the ground contact pressure. 

It is preferable that LL1 /LL2 is 2.0 or less so as to equalize the 
distribution of ground contact pressure of the rectangular block 18. 

It is preferable that HH1/LL1 is 1.0 or less so as to realize a 
uniform state of the ground contact pressure. 

It is preferable that HH2/LL2 is 1.0 or less so as to enhance 
the effect of equalization of the ground contact pressure distribution. 

Further, if the ratio between the maximum height HO of the 
block 18 and the minimum height Tl of the block 18 (Tl/ HO) is set 
such that 0.75 < Tl/ HO < 1.0, the ground contact area is maintained 
and the effect of reducing the ground contact pressure can reliably be 
obtained. Therefore, the above-described range is preferable. 

The test results on which the above-described numerical 
determination is based are shown below. 

These test results are evaluation results of handling stability 
obtained by using an actual vehicle, and are each expressed as an 
index with the tire having the conventional block with no chamfer 
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being 100. The higher the index, the better the performance. Further, 
the above-described evaluation was conducted assuming the desired 
standard being 110 or greater, which greatly differs from the 
conventional example. 

Fig. 12 shows the evaluation results when the dimension HH1 
measured from the intersection point C of the side surface 18A of the 
block 18 and the peripheral protuberant portion 26 to the height 
position of the top 26A of the peripheral protuberant portion 26 along 
the radial direction of the tire is changed at different values. 

It can be seen from the above-described results that the proper 
value of the dimension HH1 is 0.1 to 2.5 mm, more preferably 0.5 to 
1.2 mm. Further, when compared with the block in which only 
chamfer is provided, it can be seen that change in chamfering on the 
periphery of the block produces still more excellent effect. 

Fig. 13 shows the evaluation results when the dimension H2 
measured from the maximum depth portion 18B at the central region 
of the block 18 to the height position of the top 26A of the peripheral 
protuberant portion 26 along the radial direction of the tire is changed 
at different values. 

It can be seen that the proper value in this case be desirably 
set at similar values to those of a corner portion in the cross section of 
the block. 

Fig. 14 shows the evaluation results when the ratio HH2/HH1 
is changed at different values. 

It can be seen from the above-described results that an 
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excellent effect can be obtained when the ratio HH2/HH1 is 
approximately 1.5 or less. From the standpoint of obtaining the 
excellent effect, the HH2/HH1 is more desirably in the range of 0.15 to 
1.0. 

Fig. 15 shows the evaluation results when the dimension LL1 
measured from the intersection point C to the height position of the 
top 26A in the direction along the tread surface of the block 18 is 
changed at different values. 

At this time, the dimension LL2 which is a distance from the 
top 26A to the maximum depth portion 18B in the direction along the 
tread surface of the block 18 is given by subtracting the dimension LL1 
from a half of the block length of the cross section in the transverse 
direction thereof (with the maximum depth portion 18B positioned at 
the central region of the block). It can be seen from the result that an 
excellent effect is exhibited when the dimension LL1 is 10 mm or less. 
Further, it can also be seen that the ratio LL1/LL2 in this case be 2.0 
or less. In order to obtain the most excellent effect, the dimension LL1 
is set in the range from 1 to 6 mm. It can be seen that in this case the 
ratio LL1/LL2 is approximately in the range from 0.1 to 0.7. That is, 
the above-described numerical ranges indicates that the dimension 
LL1 at the side near the end of the block in the cross section is 
preferably shorter. 

Fig. 16 shows the evaluation results when the ratio HH1/LL1 
is changed at different values. 

It can be seen from the above-described results that a desired 
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effect is exhibited when the ratio HH1/LL1 is 1.0 or less and an 
excellent effect is exhibited when the ratio HH1/LL1 is in the range 
from 0.1 to 0.7. The most excellent effect is exhibited when the ratio is 
in the range from 0.1 to 0.5. 

Fig. 17 shows the evaluation results when the relationship 
between HH2 and LL2 is changed in various manners. 

It can be seen from the above-described results that a desired 
effect is exhibited when the ratio HH2/LL2 is 1.0 or less, more 
preferably in the range from 0.06 to 1.0. The most excellent effect can 
be obtained when the ratio is approximately in the range from 0.1 to 
0.4. 

In either case, the evaluation result obtained by using an 
actual vehicle indicates that further improvement in the performance 
can be expected by changing chamfering on the circumference of the 
block. The reason is, as is considered, that a proper distribution of 
chamfering exists with respect to the ground-contacting 
characteristics influenced by the shape of the block itself. 
[Other embodiments] 

In the above-described embodiment, the circumferential 
groove 14 extends along the circumferential direction of the tire (i.e., 
the direction indicated by arrow A) and the lateral groove 16 extends 
along the transverse direction of the tire (i.e., the direction indicated 
by arrow B). However, the present invention is not limited to the same. 
The circumferential groove 14 may be inclined with respect to the 
circumferential direction of the tire and the lateral groove 16 may be 
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inclined with respect to the transverse direction of the tire. 

Further, the block 18 of the above-described embodiment is 
rectangular, but the present invention is not limited to the same. The 
shape of the block 18 when the tread 12 is seen from above may be a 
polygon such as a diamond shape, a hexagon, or an octagon depending 
on orientation of the circumferential groove 14 and the lateral groove 
16, or provision of chamfering, notching, or the like. Alternatively, as 
shown in Fig. 18A, the block 18 may have a substantially U-shaped 
configuration or may also have a circular or ellipsoidal configuration. 

In the block 18 shown in Fig. 18A, the peripheral protuberant 
portion 26 (in this drawing, a region indicated by hatched lines) is 
formed along the end edge of the block. As shown in the cross 
sectional view of Fig. 18B, the peripheral protuberant portion 26 is 
provided at three locations in the cross section, that is, at both end 
edges of the block and at the central portion thereof, depending on a 
position at which the block 18 is cut. 
Test Examples: 

In order to ascertain the effects of the present invention, eight 
types of tires according to examples to which the present invention is 
applied, and one type of conventional tire were prepared. The 
handling stability and ride comfort characteristic were evaluated by 
tests conducted with an actual vehicle. 

The tire size of each tire was 195/50R15 (having a tread 
pattern shown in Fig. 25) and a test using an actual vehicle was 
conducted with the tires filled with an internal pressure of 2.0 kg/ cm 2 . 
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Further, the block size was 30 mm (in the circumferential 
direction of the tire) X 20 mm (in the transverse direction of the tire) X 
9 mm (in the height of the tire). 

The evaluation are shown in Table 4 below. This is a feeling 
evaluation by a test driver, and is expressed as an index with the 
conventional tire being 100. Further, the larger the value, the better 
the performance. Further, in the automobile market, so long as the 
index is 1 10 or high, an improvement in the performance is clearly 
recognized. 
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TABLE 4 

Results obtained b y using an actual vehicle 





LLl(mm) 

Maximum 

value 


HHl(mm) 
Maximum 
value 


LL2(mm) 

Maximum 

value 


HH2(mm) 
value 


T1/H0 


Performance 


Handling 
stability 


Riding 
comfort 


Conven- 
tional 
Example 










1.0 


100 


100 


Example 
1 


1.0 


0.3 


17.0 


0.2 


0.97 


112 


100 


Example 


1.5 


0.3 


16.5 


0.4 


0.96 


114 


100 


Example 
3 


3.0 


0.4 


15.0 


0.3 


0.96 


115 


100 


Example 
4 


4.0 


0.8 


14.0 


0.6 


0.91 


121 


98 


Example 
5 


5.0 


0.9 


13.0 


0.6 


0.90 


118 


99 


Example 
6 


6.0 


1.0 


12.0 


1.0 


0.88 


116 


99 


Example 
7 


8.0 


1.5 


10.0 


1.0 


0.83 


112 


98 


Example 
8 


10.0 


2.5 


8.0 


2.0 


0.72 


108 


98 



It can be seen that in the tires of Examples 1 to 8 to which the 
present invention is applied, the handling stability is improved as 
compared with the conventional tire. 

Further, in the tire of Example 4 which was evaluated most 
highly, the ground contact pressure was evaluated below in the 
following tables 5 and 6. 
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TABLE 5 

Comparison of standard deviation of ground contact pressure between 
the conventional tire and the tire of Example 4 





Conventional tire 


Tire of Example 4 


Input 1 


100 


66 


Input 2 


100 


55 


Input 3 


100 


54 


Input 4 


100 


51 


Input 5 


100 


54 


Input 6 


100 


55 


Input 7 


100 


54 


Input 8 


100 


51 


Input 9 


100 


54 


Average of total input 


100 


55 


TABLE 6 

Comparison of ground-contacting area between the conventional tire 
and the tire of Example 4 




Conventional tire 


Tire of Example 4 


Input 1 


100 


101 


Input 2 


100 


101 


Input 3 


100 


100 


Input 4 


100 


100 


Input 5 


100 


100 


Input 6 


100 


101 


Input 7 


100 


100 


Input 8 


100 


100 


Input 9 


100 


100 


Average of total input 


100 


100 



The input conditions and input numbers taken into 
consideration at this time are shown in Fig. 9. 



41 



The input 1 is applied under a vertical load condition 
(corresponding to bearing stress of 4 kgf/cm 2 ). The input 2 to 8 are 
shearing force input in directions shown in Fig. 9 (evaluation with an 
amount of shear deformation of 1 mm). 

In Table 5, the degree of equalization of ground contact 
pressure on a tread surface of a block is expressed as an index for each 
input. The result of the above-described comparison indicates that 
ununiformity of the ground contact pressure is improved by 45%, on 
the average, in the standard deviation of ground contact pressure in a 
ground-contacting area. 

Further, in Table 6 in which an area of the ground-contacting 
area of the block is shown for each input, it is suggested that the 
above-described improvement has been made without reducing the 
ground-contacting area and other performances are not apt to be 
adversely affected. 

The worn state of the block of Example 4 is shown in Fig. 1 1 
and the worn state of the block in the conventional tire is shown in Fig. 
10. In each of the drawings, the solid line indicates a cross section in 
the vicinity of the ground-contacting end of the block before wear, and 
the phantom line indicates a cross section in the vicinity of the 
ground-contacting end of the block after wear. 

In the block of the conventional tire, the ground-contacting 
end is locally and severely worn as shown in Fig. 10. 

In the block of Example 4, a uniform worn state is realized as 
shown in Fig. 1 1 . 
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It can be ascertained from the foregoing that local uneven wear 
be suppressed by making the tread surface of the block into a proper 
shape. 
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MricL& H claim, 



1. (amended) A pneumatic tire in which a plurality of blocks 
demarcated by circumferential grooves extending in a circumferential 
direction of the tire and grooves intersecting the circumferential 
grooves, are provided on a tread, 

wherein at least a portion of a block edge is chamfered from 
the side of a block center to a groove wall surface of each of the blocks; 

a heightwise cross sectional form of a chamfer portion 
perpendicular to the groove wall surface is formed by a combination of 
a plurality of chamfer forms; 

an angle formed by a tangential line of the chamfer portion 
with respect to a horizontal extension line of the surface of the block 
center in a heightwise cross section perpendicular to the groove wall 
surface increases from the side of the block center to the side of the 
block end; and 

a heightwise cross sectional form of the chamfer portion is 
provided such that the side of the central portion of the block thereof 
is formed as a straight line portion and the side of the block end 
thereof is formed by at least one curved line portion having a fixed 
curvature. 

2. (deleted) 

3. (amended) A pneumatic tire according to claim 1, wherein the cross 
sectional form of the chamfer portion is comprised of two curved line 
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portions having different curvatures. 

4. A pneumatic tire according to any one of claims 1 to 3, wherein 
when in the heightwise cross section perpendicular to the groove wall 
surface, a length of the chamfer portion measured along a horizontal 
extension line of the surface of the block central portion is represented 
by LI and a likewise measured length of the block is represented by 
LO, the ratio L1/L0 is in the range from 0.02 to 0.3. 

5. A pneumatic tire according to any one of claims 1 to 4, wherein 
a distance, measured along a radial direction of the tire, between the 
horizontal extension line of the surface of the block central portion 
and an intersection point of the chamfer portion and the groove wall 
surface is in the range from 0.10 to 2.50 mm. 

6. A pneumatic tire according to any one of claims 1 to 5, wherein 
when a heightwise distance between a groove bottom of the block and 
the intersection point of the chamfer portion and the groove wall 
surface is represented by HI and the maximum height of the block is 
represented by HO, the ratio H1/H0 is greater than or equal to 0.75 
and less than 1.0. 

7. A pneumatic tire according to any one of claims 1 to 6, wherein 
the cross sectional form of the chamfer portion changes at a peripheral 
edge of the block for each portion of the block. 
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8. (amended) A pneumatic tire in which a plurality of blocks 
demarcated by circumferential grooves extending in a circumferential 
direction of the tire and grooves intersecting the circumferential 
grooves, are provided on a tread, 

wherein a peripheral protuberant portion is formed on a tread 
surface of the block in the vicinity of the end edge thereof in such a 
manner that the height of the block gradually decreases toward the 
block end edge and also toward the central portion of the block. 

9. A pneumatic tire according to claim 8, wherein the peripheral 
protuberant portion is formed in at least both end edges of the block in 
the cross section of the block taken along the heightwise direction. 

10. A pneumatic tire according to claim 8 or claim 9, wherein the 
peripheral protuberant portion is disposed in vicinities of the end 
edges at both sides of the block in the circumferential direction of the 
tire. 

11. A pneumatic tire according to any one of claims 8 to 10, 
wherein the peripheral protuberant portion is disposed in vicinities of 
the end edges at both side of the block in the transverse direction of 
the tire. 

12. A pneumatic tire according to any one of claims 8 to 11, 
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wherein a dimension HH1 measured along a radial direction of the tire, 
between an intersection point of a groove wall surface of the block and 
the peripheral protuberant portion, and a height position of a top of 
the peripheral protuberant portion is in the range from 0.1 to 2.5 mm. 

13. A pneumatic tire according to any one of claims 8 to 12, 
wherein a dimension HH2 measured along the radial direction of the 
tire, between a maximum depth portion in a central region of the block 
and the height position of the top of the peripheral protuberant portion 
is in the range from 0.1 to 2.50 mm. 

14. A pneumatic tire according to any one of claims 8 to 13, 
wherein the ratio between the dimension HH1 measured along a radial 
direction of the tire, between an intersection point of a groove wall 
surface of the block and the peripheral protuberant portion, and a 
height position of a top of the peripheral protuberant portion, and the 
dimension HH2 measured along the radial direction of the tire, 
between a maximum depth portion in a central region of the block and 
the height position of the top of the peripheral protuberant portion, 
that is, HH2/HH1, is 1.5 or less. 

15. A pneumatic tire according to any one of claims 8 to 14, 
wherein a dimension LL1 measured in a direction of the tread surface, 
between the intersection point of the groove wall surface of the block 
and the peripheral protuberant portion, and the top of the peripheral 
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protuberant portion is 10.0 mm or less. 



16. A pneumatic tire according to any one of claims 8 to 15, 
wherein the ratio between the dimension LL1 measured in a direction 
along the tread surface, between the intersection point of the groove 
wall surface of the block and the peripheral protuberant portion, and 
the top of the peripheral protuberant portion, and a dimension LL2 
measured in the direction along the tread from the top of the 
peripheral protuberant portion to the maximum depth portion in the 
central region of the block, that is, LL1/LL2 is 2.0 or less. 

17. A pneumatic tire according to any one of claims 8 to 16, 
wherein the ratio between the dimension HH1 measured along a radial 
direction of the tire, between an intersection point of a groove wall 
surface of the block and the peripheral protuberant portion, and a 
height position of a top of the peripheral protuberant portion, and the 
dimension LL1 measured in a direction along the tread surface, 
between the intersection point of the groove wall surface of the block 
and the peripheral protuberant portion, and the top of the peripheral 
protuberant portion, that is, HH1/LL1 is 1.0 or less. 

18. A pneumatic tire according to any one of claims 8 to 17, 

v 

wherein the ratio between the dimension HH2 measured along the 
radial direction of the tire, between a maximum depth portion in a 
central region of the block and the height position of the top of the 
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peripheral protuberant portion, and the dimension LL2 measured in 
the direction along the tread from the top of the peripheral 
protuberant portion to the maximum depth portion in the central 
region of the block, that is, HH2/LL2 is 1.0 or less. 

19. A pneumatic tire according to any one of claims 8 to 18, 
wherein the ratio between the maximum height HO and the minimum 
height Tl of the block, that is, T1/H0 is set in the range of 0.75 < 
T1/H0 < 1.0. 

20. A pneumatic tire according to any one of claims 8 to 19, 
wherein the peripheral protuberant portion is formed along an entire 
periphery of the end edge of the block. 

21. (added) A pneumatic tire according to any one of claims 8 to 20, 
wherein at least a portion of a block edge is chamfered from the side of 
a block center to a groove wall surface of each of the blocks; and 

an angle formed by a tangential line of the chamfer portion 
with respect to a horizontal extension line of the surface of the block 
center in a heightwise cross section perpendicular to the groove wall 
surface increases from the side of the block center to the side of the 
block end. 

22. (added) A pneumatic tire according to claim 21, wherein said 
angle increases smoothly toward the side of the block end. 
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• CI 

ABSTRACT 

An end of a block 18 formed on a tread surface of a tire is 
chamfered in such a manner that a curvature of a chamfer increases 
toward the end of the block. Accordingly, a ground contact pressure 
which usually increases locally at the end of the block 18 is equalized 
and handling stability of the tire improves. Particularly, since the 
curvature changes, the ground contact pressure can be controlled 
corresponding to an actual distribution of ground contact pressure. 
As a result, the ground contact pressure can be equalized still further 
and an improvement in handling stability of the tire is achieved. 
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No. 


HH1 




13-1 


0.0 


108 


13-2 | 


0.1 


114 


13-3 


0.5 


124 


13-4 


0.7- 


127 


13-5 


1.2 


123 


13-6 


2.5 


122 


13-7 I 


3.0 | 


107 



-EVALUATION CONDUCTED 
WITH ACTUAL VEHICLE 



OTHER CONDITIONS 



LL1 


LL2 


HH2 


2.5 


12.5 


0.15 
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No. 


HH2 




14-1 


0.0 


109 


14-2 


0.1 


113 


14-3 


0.5 


125 


14-4 


0.7 


130 


14-5 


1.2 


127 


14-6 


2.5 


119 


14-7 


3.0 


106 



-EVALUATION CONDUCTED 
WITH ACTUAL VEHICLE 



OTHER CONDITIONS 



HH1 


LL1 


LL2 


0.7 


2.5 


12.5 



(mm) 
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No. 


HH2 


HH2/HH1 




15-1 


0.0 


0.00 


109 


15-2 


0.1 


0.14 


1 1 9 


15-3 


0.5 


0.71 


125 


15-4 


0.7 


1.00 


130 


15-5 


1.00 


1.43 


1 1 3 


15-6 


2.00 


2.86 


98 


15-7 I 


3.0 


4.29 


97 
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HH1 


LL1 
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LL2 


LL1/LL2 |[_ 




0.70 


14.30 


0.05 II 


113 


1.00 


14.00 


0.07 


118 


3.00 


12.00 


0.25 


125 


4.0 0 


11.00 


0. 3 6 


1 22 


6.00 


9.00 


0.67 


1 1 9 


9.00 


6.00 


1.50 


115 


10.00 


5.00 


2.00 


113 


12.00 


3.00 


4.00 I 
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No. || LL1 


HH1/LL1 




18-1 


0.70 


1.00 


112 


18-2 


1.00 


0.70 


118 


18-3 


1.40 


0.50 


122 


18-4 


3.00 


0.23 


125 


18-5 


6.00 


0.12 


121 


18-6 


9.00 


0.08 


118 


18-7 


10.00 


0.07 


1 1 3 



(mm) 
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19-1 


0.50 


1.00 


115 


19-2 


0.75 


0.67 


116 


19-3 


1.40 


0.36 


118 


19-4 


3.00 


0.17 


126 


19-5 


6.00 


0.08 


124 


19-6 


9.00 


0.06 


115 


19-7 


10.00 


0.05 


110 



(mm) 
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HH2 
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(mm) 
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Declaration and Power of Attorney for Patent Application 
Japanese Language Declaration 



fcil 9 -el'. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name. 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention entitled 



PNEUMATIC TIRE 



(sjeis-J-***) «n-SJx-£Lfc. 



the specification of which is attached hereto unless the 
following box is checked: 

□ 

was filed on February 22, 2000 

as United States Application Number or PCT 
International Application Number 

PCT/JP00/00994 ,y and 

was amended on 

July 18, 2000 ^ (if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amended by any amendment referred to 
above. 



fill, iiWIHM»»fM7M*l*5 6iHC)6*3n&* 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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Japanese Language Declaration 



sfttt. *W«fe*»3 Smi 1 9*(a)-(d)#X»3 6 5* 
&LTi»a*W*A**l 3 6 5 (a)J9S*c3E-f <HRBttiM. X 

Tic. ftrtfc^—^-f-ar fl*LTv**-f\ 



I hereby claim foreign priority under Title 35, United States 
Code, § 119(a)-(d) or § 365 (b) of any foreign application(s) for 
patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application 
for patent or inventor's certificate, or PCT International 
application having a filing date before that of the application on 
which priority is claimed. 



Prior foreign applicati 



11-43208 



Japan 



Priority Not Claimed 



22/February/1999^ 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



ft t. *3 5**Hife*l 1 9*(e)3CKi*v»TTaew}|6 



Pay/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code, § 
119(e) of any United States provisional application(s) listed 
below. 



* (Application No.) 



(Filing Date) 
(f-MHR) 



(Application No.) 



(Filing Date) 

wmB) 



I hereby claim the benefit under Title 35, United States Code, § 
120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, 1 acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1.56 
which became available between the filing date of the prior 
application and the national or PCT International filing date of 
this application. 



(Application No.) 



(Filing Date) 
(H*H) 



(Status)(patented, pending, abandoned) 



(Filing Date) 



(Application No.) 

(fH*»») 

jKk: s it h a ut * it i M»»ff »tt *mmmm 

18«j(H0 0 1*(:if>. HAifctttt*. *>L<il-5: 



(Status)(patented, pending, abandoned) 

mu ■ wiwif-w. mo*) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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#ff-** : #Af±T!C<?)«** t L T\ *W«£M-**£— §5« POWER OF ATTORNEY: As a named inventor, I hereby appoint 
*i8S*Sf3»t#i ! rffi*J3CWL.T^fTi-'5#a-±ifettftaA the following attorney(s) and/or agent(s) to prosecute this 
— ■ application and transact all business in the Patent and Trademark 



Office connected therewith: (list 



te and registration number) 



3?' 



John H. Minn, Reg . No, 18. 879- Thomas J. Macpeak, Re^No_l9^39SH^obert J. Seas, Jr., Reg. No. 2JL QQ2; Darryl 

Mexic, Reg. No. 23,06 .L.Robert V. Sloan, RegJ^22J2^ Peter D. Olexy, Reg. No. Frank Osha, Reg. No. 

_24 i 625j_Waddell A. Biggart, Reg No, 24 1 8ftL-Louis Gubinsky, Re^NoV^SJiS^Neil B. Siegel, Reg. No. 25-2Q0: 

David J. Cushing, WwJJn_78 7m : John R. Inge, Rpq Nn 76 916- Tns^ph J. Ruch, Jr., Reg. No. 26,577; S heldon I. 

Landsman, Re&J^J5_43Q^ichard C. Turner, Reg. No. 29.7J ilJHoward L. Bernstein, Reg. No. 25.66 5; Alan J. 
" Kasoer. Reg. No. 25.426; K enneth J. Burchfiel. Reg. No. 31.333; Gordon Kit, Reg. No. 30,764; S usan J. Mack, Reg. 

Na 30.951: F rank L. Bernstein. Re g. No. 3 1.484:. Mark Boland. Reg. No. 32.197; W illiam H. Mandir, Reg. No. 32,156;, 
~Bnan W. Hannon, R eg. No. 32,778; A braham J. Rosner, Reg. No. 33_2 Zfc-&ruce E. Kramer. Reg. No. 33.725; Paul F. 

Neils, Reg. No. 33,102 ; Brett S. Sylvester, Reg. No. 32.765 LR obert M. Masters, Reg. No. 35.603^. George F. Lehnigk, 

Reg. No. 36,359, John T. Callahan, Rg£jfoJ&fiQ7 and Steven M. Gruskin, Reg. No. 36JU&_ 
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Send Correspondence to: 

SUGHRUE. M TQN MArPFAK.frSF.AS. PLLC 

2100 Pennsylvania Avenue N.W. Suite 800 
Washington. D.C. : 



Direct Telephone Calls tc 
(202)293-7060 ^ 
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Residence 
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Citizenship 
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Post Office Address 

3-5-5-617, Ogawahigashi-cho, Kodaira-shi, 
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